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Background: Alteration of the posteromedial part of the proximal tibia is the main 
characteristic of Blount’s disease and if left untreated, leg alignment and normal 
development of the lower limbs may be compromised.
Aim: To report treatment outcomes in children with Blount’s disease using the 
Taylor Spatial Frame (TSF).
Materials and methods: From January 2007 to December 2014, 16 young chil-
dren (24 tibia) with a mean age of 7.5 years (range of 3-14 yrs) and severe Blount’s 
disease were treated using TSF. Preoperative long standing radiographs were per-
formed and anatomic medial proximal tibial angle (MPTA), diaphyseal-metaphy-
seal tibial angle (Drennan), femoro-tibial angle and leg length discrepancy (LLD) 
were measured.
Results: Post-operative improvement of all measurements was observed. MPTA 
increased from a mean of 71.8° (58° - 79°) to 92.5° (90° - 95°), the Drennan de-
creased from 16.6° (14° - 18°) to 3.6° (0° - 6°), the F-T angle changed from 15.4° 
(10° - 25°) of varus to 5.9° (2° - 10°) of valgus and the LLD decreased from 208 mm 
(150-320) to 69 mm (0- +120). Mean follow-up was 45.6 months. According to Pal-
ey’s criteria pin track infection was present in 6 tibiae, while in 5 patients software 
changes were necessary. Recurrence was observed in 3 patients (triplets). Com-
plete restoration of the mechanical axis was obtained at the end of the treatment.
Conclusions: In the last decades, diff erent surgical treatments have been pro-
posed for Blount’s disease (tension band plate, staples, osteotomies using exter-
nal or internal fi xation). External fi xation using the TSF allows gradual safe correc-
tion of multiplanar deformities and is a well-tolerated technique by patients with 
Blount’s disease.
BACKGROUND
Blount’s disease is a rare disorder characterized by 
a dysfunction of the cartilage of the posteromedial 
part of the proximal tibia. A marked genu varum 
secondary to proximal tibial varus, tibial procurva-
tum, internal rotation of the tibia and a depression 
of the medial tibial plateau are frequently observed 
in Blount’s disease, as well as their combination 
(varus, procurvatum, and internal tibial torsion) 
resulting in a complex 3-D deformity.1,2 In chil-
dren with Blount’s disease the lower legs remain 
bowed or bow further outwards, which can lead to 
future problems with walking. The infantile type 
is frequently bilateral (less than 4 yrs old) and, in 
general, is noticed when the child begins to walk. 
The juvenile type (5-11 yrs) is usually unilateral, 
while the adolescent type occurs in children aged 
11-14 yrs.
Various treatments options for leg alignment 
restoration of normal development of the tibia have 
been proposed, such as tibial osteotomies with in-
ternal or external fi xation2-5, hemiplateau elevation 
with or without epiphyseal distraction6-9, double 
elevating osteotomies10, epiphyseal stapling11 and 
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hemi-epiphysiodesis.12
AIM
We report in the present study the treatment outcomes 
in young patients with monolateral and bilateral 
Blount’s disease using the Taylor Spatial Frame 
(TSF), which addresses all aspects of the deformity.
MATERIALS AND METHODS
During a 7-year period (January 2007 - December 
2014), 16 children with severe Blount’s disease (9 
males and 7 females, 24 tibias) were treated us-
ing the TSF. The mean age was 7.5 years (range: 
3-14 yrs) and BMI of 24.2 (range: 18-29.7). An 
acknowledgement of the hospital IRB was granted 
and parents’ informed consent was obtained for all 
children recruited in the study.
Varus deformity and leg length discrepancy were 
present in all patients. Eight patients presented uni-
lateral deformity while the other eight patients had 
bilateral involvement of the posteromedial part of 
the proximal tibia. Two patients, both with bilateral 
deformity, had previously been treated by an unsuc-
cessful proximal tibial osteotomy.
Preoperative long-standing radiographs were 
performed for all patients. Measurements, according 
to Paley’s criteria10, of the anatomic medial proxi-
mal tibial angle (MPTA), the femoro-tibial angle 
(F-T angle), diaphyseal-metaphyseal tibial angle 
(Drennan) and leg-length discrepancy (L-L-D) were 
performed. These radiological measurements were 
chosen because they have been used in studies on 
Blount’s disease by other authors.
Bilateral correction was performed simultane-
ously and a 3-4-day hospitalization was required 
for each patient. Caregivers were trained on how 
to clean TSF and to follow instructions given by 
the software program before returning home. All 
patients were encouraged to ambulate and return 
to their activities as tolerated.
At the end of treatment new standing radiographs 
were performed to confi rm healing of the osteotomy. 
Dynamization of the frame was performed before 
TSF removal.
Clinical parameters assessed were knee pain, 
range and stability of knee movement, lateral thrust 
when walking and rotational deformity.
Radiological measurements, surgical procedures 
and the latest follow up were performed by a single 
orthopaedic surgeon (ADK), to avoid interobserver 
bias.
OPERATIVE TECHNIQUE
With the patient supine and under general anesthesia 
a thigh tourniquet was applied. Fibula’s osteotomy 
was performed fi rst through a longitudinal skin 
incision made on the lateral side of the fi bula, just 
below the fi bular head to 15 cm distally. After the 
sub-periosteal exposure of the fi bula Linston bone 
scissors or oscillating saw were used, according to 
the diameter of the bone.
Two K-wires were inserted to mark the tibias os-
teotomy level under guidance of an image intensifi er.
First, one ring was attached perpendicularly to 
the long axis of the tibia with the 3 half-pins placed 
at 5 mm parallel to the joint line in anteroposterior 
and mediolateral planes. A second ring-frame was 
applied distally and attached with 3 half-pins (5 mm). 
The 2 rings were then connected by 6 telescopic 
struts at special universal joints.
Frame was extended distally with half ring, includ-
ing the foot, to avoid development of equinovarus 
deformity. The foot ring was removed within 40 days 
from surgery, when soft tissues had already gained 
suffi cient length, permitting ankle joint motion.
The multiple drill hole technique (De Bastiani’s 
osteotomy) was applied for tibial osteotomy in line 
with the K-wires. Osteotomy was tested clinically 
and checked radiologically by the image intensifi er.
Distraction, by moving the distal fragment, was 
started 7 to 9 days after surgery. Using specifi c 
computer software, personalized time schedule and 
information regarding structures at risk and rate of 
correction were obtained. Parents were instructed 
by a responsible health care professional.
RESULTS
One-way analysis of variance (ANOVA) was used 
to assess the effect of multiple factors and level of 
signifi cance was set at p < 0.05 (the paired t-test).
Patient demographics are shown in Table 1, 
pre- and postoperative measurements of MPTA, 
Drennan, F-T angle and LLD are shown in Table 
2. The mean follow-up was 45,6 months (range: 
36-72 months).
Statistically signifi cant differences between pre 
and post-operative values of all radiographic mea-
surements were observed. In the specifi c, MPTA 
increased from a mean of 71.8° (range: 58° - 79°) 
to over correction of 92.5° (range: 90° - 95°) (Mean 
-21.9, SD=6.05, p=0.000001); Drennan angle de-
creased from 16.6° (range: 14°-18°) to 3.6° (range: 
0° - 6°) (Mean 12.9, SD=1.86, p=0.000001); F-T 
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angle changed from 15.4° of varus (range: 10°- 25°) 
to 5.9° of valgus (range: 2°-10°) (Mean 9.5, SD=2.7, 
p=0.000001); LLD decreased from 208 mm (range: 
150-320) to 69 mm (range: 0 - +120) (Mean 1.24, 
SD=0.555, p=0.000001).
No statistically signifi cant difference was found 
between patients with unilateral and bilateral disease.
According to Paley’s criteria for problems, pin 
track infection was observed in 6 cases (4 patients 
- 2 unilateral and 2 bilateral). Pin track infection 
was treated by oral antibiotics (cephalosporin 20 
mg/Kg once a day) for 10 days. In other 5 patients 
(unilateral disease tibia) needed further personalized 
time schedule calculation during the fi rst year of 
the study.
Regarding obstacles, recurrence of deformity was 
observed in 3 patients with initial bilateral defor-
mity (triplets - age: 4 yrs); for two of the triplets 
recurrence was unilateral (left side) and a second 
TSF was applied 8 months after the end of the 
treatment. For the remaining one, recurrence (left 
side) occurred after 10 months of TSF removal and 
an 8-plate tension band device (Orthofi x) was used 
for the treatment, as per request of the parents.
No peroneal nerve palsy or compartmental syn-
drome were observed. No complications according to 
Paley’s criteria were observed during our follow-up.
The 2 children, both with bilateral deformity 
and previously treated with another osteotomy, did 
not present any type of problems or complications 
during treatment.
Immediately after frame removal, knee’s range of 
motion (ROM) was from 0°-110° of fl exion in all 
patients, except for 2 patients who had knee fl exion 
10°- 90° and slight knee tenderness, yet completely 
restored by the time of the latest follow-up.
None of our patients presented rotational de-
formity or recurvatum. No breakage of the TSF 
components was observed during treatment.
DISCUSSION
The aim of our study was to evaluate the TSF in 
the treatment of the Blount’s disease in children. 
Early surgical treatment is recommended in these 
patients2,12,15,16 because of the high rate of recur-
rence reported for them (up to 55%).3
Hemiepiphysiodesis techniques using staples, 
transphyseal screws and 8-plate tension band devices 
have been proposed for the treatment of angular de-
formities of the knee. All these offer the advantage 
of being reversible, but they present some problems. 
Transphyseal screws may disturb growth because they 
Table 1. Patients (P), gender (M: males; F: females), 
age (y: years), BMI and time in frame (m: months; 
d: days)
Pa
tie
nt
s 
(P
)
G
en
de
r
A
ge
 (
y)
B
M
I
Ti
m
e 
in
 
Fr
am
e
P1 M 9 26.6 3m 18d
P2 M 8 25.7 4m 0d
P3 M 3 18.2 3m 18d
P4 F 3 18.5 4m 2d
P5 F 4 19.3 3m 21d
P6 M 12 29.7 3m 22d
P7 M 9 23.4 4m 1d
P8 F 11 29.5 3m 20d
P9 F 11 26.9 4m 4d
P10 M 12 27.4 3m 21d
P11 M 4 18.1 4m 2d
P12 M 4 18 3m 22d
P13 M 4 18.2 4m 1d
P14 F 9 25 4m 2d
P15 F 4 18.3 3m 21d
P16 F 14 28.3 3m 22d
Mean 
values
7.56 24.2 3.4m 12.3d
cross within the physis and the fulcrum of correction 
is centralized. Studies regarding the use of staples 
demonstrated some serious problems like breakage, 
diffi culty of removal and migration with a high risk 
of limitation in growth potential after their removal. 
The 8-plate device is a valid treatment option and 
offers the possibility of a gradual correction around 
the knee. However, many studies have reported a 
high rate of failure concerning the device or a lack 
of correction when 8 plates are used for the treat-
ment of Blount’s disease. In some cases deformity 
does not improve, but remains stable, thus a future 
osteotomy can be performed after physeal closure, 
avoiding recurrence.11-14 In our study none of the 
children treated had breakage of the TSF device 
and tibial axis was completely restored before the 
removal of the device.
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Various methods of acute or gradual correc-
tion, using internal or external fi xation, have been 
proposed.1,2,6,16,17,23 Most patients with adolescent 
Blount disease are obese, as the majority of the 
patients included in our study, with a relative con-
traindication to internal fi xation due to increased 
complication rates.2,16,18,29
Osteotomy for infantile and adolescent tibia vara 
was proposed by different authors to correct the 
deformity, equalize limb lengths, and ameliorate 
symptoms.3 Acute corrective osteotomy may often 
become complicated by peroneal nerve palsy, com-
partment syndrome, residual deformity, limb length 
inequality, delayed union, and failure of fi xation.18
Price et al.8 described the use of a uniplanar 
dynamic fi xator for 34 osteotomies of tibia vara (25 
patients). They had 6 tibias with residual varus, 2 
patients with a postop neuropraxia, and 9 with pin-
Table 2. Pre- (pre-op) and post operative (post-op) measurements of αΜΡΤΑ, Drennan, F-T angle and LLD
Pa
tie
nt
s αΜΡΤΑ Drennan F-T angle LLD
Pre-op Post-op Pre-op Post-op Pre-op Post-op Pre-op cm Post-op cm
P1 72 93 16 1 24 10 2.1 1
P2 79 95 19 4 25 9 2.2 0.8
P3 59 90 14 0 10 2 1.7 0
P3 58 91 16 1 11 1 1.7 0
P4 63 92 16 5 12 6 1.8 0.7
P4 77 93 17 6 16 6 1.8 0.7
P5 78 93 18 6 16 5 1.9 0.5
P5 73 95 18 5 17 4 1.9 0.5
P6 75 92 18 3 14 7 3.2 1.2
P7 74 94 15 2 17 8 1.5 1
P8 69 90 17 6 16 7 1.7 0.6
P8 74 91 15 2 17 8 1.7 0.6
P9 72 94 17 4 16 5 1.9 0
P10 75 92 18 3 14 7 3.2 1
P11 66 93 14 3 11 4 1.7 0.6
P11 63 92 16 5 12 6 1.7 0.6
P12 63 92 16 5 12 6 1.8 0.7
P12 66 93 17 6 17 6 1.8 0.7
P13 77 93 17 6 18 6 1.9 0.5
P13 79 94 16 4 18 5 1.9 0.5
P14 81 94 17 0 15 6 1.6 0.8
P15 77 93 17 6 16 6 1.9 0.5
P16 75 90 18 13 14 7 3.2 1.1
P16 79 90 16 2 12 6 3.2 1.1
mean 71.8 92.46 16.58 3.62 15.42 5.96 2.08 0.69
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Figure 1 A.
Figure 1 C.
Figure 1 B.
Figure 1 D.
tract infections. Pinkowski and Weiner19 also reported 
11% complications in 37 cases of proximal tibia 
osteotomies, which included 1 delayed union and 
3 superfi cial infections, without any neurovascular 
complications. Ilizarov’s device was proposed for 
the treatment of tibia vara, but due to the presence 
of multiple deformities, including translation and 
angulation, rotation correction may not be achieved 
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and a second surgery may be necessary.20
Regarding fi bular osteotomy some studies iden-
tify a danger zone between 6 and 13 cm distally to 
the fi bula’s head, where the peroneal nerve and the 
extensor halluxis longus lie close to the fi bula.21,22,28 
For this reason, fi bula’s osteotomy is recommended 
to be performed through a lateral incision at the 
junction of the middle and distal third of the fi bular 
shaft. However, injury of the superfi cial peroneal 
nerve and palsy of the extensor hallucis longus have 
been reported, even when osteotomy is performed 
at the safe zone.26 According to our results, no 
neurovascular complications and problems were 
observed after fi bular osteotomy.
Risk of pin track infection is common when 
external fi xation is performed. Gordon et al24 used 
a daily shower for pin-site care with no physical 
cleansing in children, but those with infl amed or 
infected pin-sites were treated with oral antibiot-
ics (cephalosporin). The rate of infection was the 
same when either half pins or wires were used, 
but infection in the diaphyseal area was much less 
common than that in the peri-articular region. Pin 
track infection observed in our patients was 4.16% 
(6 pin track infected, 4 of them were periarticular, 
for a total of 144 pin/K-Wire used), similar to that 
reported in other studies.
Deformity recurrence was observed in 12.5% and 
the 3 patients involved were triplets (age: 4 yrs). 
At 8 months after TSF removal, two of the triplets 
presented unilateral recurrence (left tibia) and a 
second TSF was applied. However, at 10 months 
after TSF removal the last triplet, also presented 
a unilateral recurrence (left tibia) and an 8-plate 
was applied. The cause of these recurrences may 
be due to these children’s young age at the time 
of surgery, but a genetic involvement should also 
be considered (Fig. 1A-B).
The TSF, based on the same principle of dis-
traction osteogenesis as the Ilizarov’s system, uses 
a 6-axis deformity analysis incorporated within a 
computer program, to establish a virtual hinge in 
space, around which multiple deformities including 
translation, angulation, rotation, and shortening are 
corrected. By adjusting only strut lengths, one ring 
can be repositioned with respect to the other, and 
the multiple angles and translations of a given de-
formity can be addressed simultaneously.25,26
Deformity correction in children can be achieved 
by various methods. The use of external fi xation 
offers advantages of postoperative adjustment and 
simultaneous lengthening, when indicated. External 
fi xation has certain advantages in these patients, al-
lowing excellent stability and early weight-bearing. 
TSF, in respect to other external fi xators, has the 
advantage to correct gradually multiplanar deformi-
Figure 1 E.
Figure 1 F.
Figure 1.
Clinical aspect of the triplets enrolled in the study: be-
fore surgery (A), after 3 years (B) and after 7 years (C). 
Radiograms on one of the triplets are also shown: before 
(D), during (E) and after frame’s removal (F).
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ties like angulation, translation, rotation, and short-
ening, thus minimizing these complications. 6,19,20,30
Our study presents some limitations such as the 
small number of patients enrolled. However, our 
results encourage us to continue with the use of 
the TSF for the treatment of children affected by 
Blount’s disease.
Our results are similar to those reported by other 
studies. TSF is a simple frame construct with easy 
application whereby a single-stage correction of 
multiaxial deformities is possible. The technique 
is simple, accurate, and reproducible.27,30 In case 
of residual deformity correction required can be 
achieved without surgical means, improving the 
morbidity rate for the patient and off-loading the 
surgeon’s workload.
CONCLUSION
Our opinion is that TSF allows safe gradual correc-
tion and is an accurate and well-tolerated method 
for the treatment of the Blount disease at any age.
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Введение: Изменение остеомедиальной части проксимальной большебер-
цовой кости является основной характеристикой болезни Блаунта, и если не 
будет проведено своевременное лечение,  выравнивание ноги и нормальное 
развитие нижних конечностей могут быть нарушены.
Цель: Отчёт о результатах лечения детей с болезнью Блаунта с помощью про-
странственной рамы Тэйлора.
Материалы и методы: С января 2007 года по декабрь 2014 года 16 детей 
младшего возраста (24 большеберцовые кости), средний возраст которых 
составлял 7,5 лет  (в диапазоне: 3-14 лет) с тяжелой формой болезни Блаунта 
прошли лечение с использованием ПРТ. Были проведены предоперационные 
рентгенографические исследования и были измерены анатомический меди-
альный ближний угол большеберцовой кости (МБУБК), диафизарно-метафи-
зарный угол большеберцовой кости (угол Levin–Drennan), бедренно-больше-
берцовый угол и несоответствия длины ног (НДН).
Результаты: Установлено послеоперационное улучшение всех измерений. 
МБУБК увеличился в среднем с 71,8 ° (58 ° - 79 °) до 92,5 ° (90 ° - 95 °),  диафизар-
но-метафизарный угол большеберцовой кости уменьшился с 16,6 ° (14 ° - 18 °) 
до 3,6 ° (0 ° - 6 °), бедренно-большеберцовый угол изменился с 15,4 ° (10 ° - 25 
°) на варус до 5,9 ° (2 ° - 10 °) на вальгус и НДН снизилось с 208 мм ( 150-320) до 
69 мм (0-120). В среднем период наблюдения составил 45,6 месяца. Согласно 
критериям Палея инфекция в результате введения игл установлена  в 6 слу-
чаях, в то время как у 5 пациентов необходимо было изменение методики ле-
чения. Рецидив установлен у 3 пациентов (тройня). Полное восстановление 
анатомической оси было получено в конце лечения.
Заключение: За последние десятилетия были предложены различные хирур-
гические методы лечения болезни Блаунта (пластины для фиксации, скобы, 
остеотомия с использованием внешней или внутренней фиксации). Внешняя 
фиксация с использованием ПРТ позволяет поэтапно и безопасно корректи-
ровать множественные дисплазии и является хорошо переносимым методом 
лечения болезни Блаунта.
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